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SURIHVVLRQZKHUHGRLQJ SUDFWLFLQJ LV WKHPRVW LPSRUWDQW WKLQJ&RPSXWHUV DQG LQIRUPDWLRQ WHFKQRORJ\ KDVKDG D
JUHDWLQIOXHQFHRQWKHHQJLQHHULQJHGXFDWLRQ7KLVWHFKQRORJ\KDVLPSURYHGRQOLQHDQGH[SHULPHQWEDVHGOHDUQLQJ
HQULFKLQJWKHVWXGHQWVOHDUQLQJH[SHULHQFHV>@7KHIDVWGHYHORSPHQWRIFRPPXQLFDWLRQWHFKQRORJLHVPDGHSRVVLEOH
WKH LPSOHPHQWDWLRQ RI UHPRWH ODERUDWRULHV LQ HQJLQHHULQJ HGXFDWLRQ 2QH RI WKH PRVW VSHFLILF HOHPHQWV RI
HQJLQHHULQJHGXFDWLRQLVWKHODERUDWRU\H[SHULPHQWUHTXLUHPHQWEXWLQWURGXFLQJWKLVOHDUQLQJHQYLURQPHQWRQOLQHLV
QRWDQHDV\ WRSHUIRUPWDVN>@7KHUHPRWH ODERUDWRULHVDOORZVWXGHQWV WRXVHKLJKVSHHGQHWZRUNVFRXSOHGZLWK
HOHFWURQLFVZLWFKLQJFLUFXLWVDXWRPDWHGGDWDDFTXLVLWLRQ WKURXJKUHPRWHFRQWUROOHGPHDVXULQJLQVWUXPHQWVWRFDUU\
RXWH[SHULPHQWVRQUHDOSK\VLFDOODERUDWRU\DSSDUDWXVWKDWLVORFDWHGDWDGLVWDQFHIURPWKHLUXQLYHUVLWLHV
7KHUHPRWH ODERUDWRULHVFDQEULQJD UDQJHRISRWHQWLDOEHQHILWVDV WKHDELOLW\ WRVKDUHUHVRXUFHVDFURVVPXOWLSOH
LQVWLWXWLRQVVXSSRUWDFFHVVWRIDFLOLWLHVDQGWRROVWKDWZRXOGRWKHUZLVHEHLQDFFHVVLEOHIRUFRVWRUWHFKQLFDOUHDVRQV
DQGSURYLGHHQKDQFHPHQWRIWKHH[SHULPHQWDOOHDUQLQJ>@+RZHYHUPDQ\H[LVWLQJUHPRWHODEVGRQRWSURYLGHWKH
XVHUZLWKDIHHOLQJRIUHDOSUHVHQFHLQWKHODE>@,WLVREYLRXVWKDWVRPHOHDUQLQJRXWFRPHVFDQQRWEHDFKLHYHGDV
ZHOORUDWDOOLQWKHUHPRWHDFFHVVPRGH>@
7KH EHQHILWV RI UHPRWH ODERUDWRULHV LQ HQJLQHHULQJ HGXFDWLRQ DUH UHOD[ WLPH FRQVWUDLQWV HFRQRPLHV DV UHPRWH
ODEV DOORZV VKDULQJRI H[SHQVLYH HTXLSPHQW TXDOLW\ LPSURYHPHQWRI H[SHULPHQWV DV LW FDQEH UHSHDWHG WR FODULI\
XQFHUWDLQPHDVXUHPHQWVHIIHFWLYHQHVV LPSURYHPHQWDVVWXGHQWPD\ LPSURYHHIIHFWLYHQHVVRI WLPHVSHQWDW ODEE\
UHKHDUVDOWKHVDIHW\DQGVHFXULW\LPSURYHPHQWDVQRULVNRIDFFLGHQWDOIDLOXUH7KHUHPRWHODERUDWRU\H[SHULPHQWV
JLYH IUHHGRPDQG IOH[LELOLW\ WR WKH VWXGHQWV WRSHUIRUPH[SHULPHQWV DW DQ\WLPH DQG DQ\ZKHUH OLPLWHGRQO\E\ WKH
QXPEHU RI VRIWZDUH OLFHQVHV DQG WKH VFKHGXOH WR FRQGXFW H[SHULPHQWV LQ UHPRWH ODE7KH TXHXH WLPH GHSHQGV RQ
QXPEHURIXVHUVDQGH[SHULPHQWVHWVSURYLGHG>@$QRWKHUEHQHILW LV WKDW WKLV WHFKQRORJ\FDQEH LQWHJUDWHG LQWRD
/HDUQLQJ0DQDJHPHQW6\VWHP/06VXFKDV0RRGOH>@ZKLFKLVRIWHQXVHGDURXQG WKHZRUOG7KHVWUXFWXUHRI
WKLVNLQGRIUHPRWHODERUDWRULHVLVSUHVHQWHGLQ)LJ

)LJ7KHVWUXFWXUHRIUHPRWHODERUDWRULHV
)XQFWLRQDO6XLWDELOLW\
7KHIXQFWLRQDOVXLWDELOLW\PHDQVWKHGHJUHHWRZKLFKDSURGXFWRUV\VWHPSURYLGHVIXQFWLRQVWKDWPHHWVWDWHGDQG
LPSOLHGQHHGVZKHQXVHGXQGHUVSHFLILHGFRQGLWLRQVEXWLVRQO\FRQFHUQHGZLWKZKHWKHUWKHIXQFWLRQVPHHWVWDWHG
DQG LPSOLHG QHHGV QRW WKH IXQFWLRQDO VSHFLILFDWLRQ 7HFKQLFDO HYDOXDWLRQ LV DQ LPSRUWDQW VWHSSKDVH LQ JHQHUDO
FKDUDFWHUL]DWLRQ RI WKH UHPRWH ODERUDWRULHV EHFDXVH GHSHQGV RQ LW WKH RWKHU W\SHV RI HYDOXDWLRQ 7KH IXQFWLRQDO
VXLWDELOLW\ LV EDVHG RQ JXLGHOLQHV GHILQHG E\ VSHFLILF VWDQGDUGV $FFRUGLQJ WR WKLV VWDQGDUG WKH SURGXFW TXDOLW\
PRGHOFDWHJRUL]HVSURGXFWTXDOLW\SURSHUWLHVLQWRHLJKWFKDUDFWHULVWLFVIXQFWLRQDOVXLWDELOLW\UHOLDELOLW\SHUIRUPDQFH
HIILFLHQF\XVDELOLW\VHFXULW\FRPSDWLELOLW\PDLQWDLQDELOLW\DQGSRUWDELOLW\>@(DFKFKDUDFWHULVWLFLVFRPSRVHGRI
1171 Zoltan German-Sallo et al. /  Procedia Technology  22 ( 2016 )  1169 – 1175 
D VHW RI UHODWHG VXEFKDUDFWHULVWLFV 7KH SHUIRUPHG WHFKQLFDO HYDOXDWLRQ IRFXVHV RQ IXQFWLRQDO VXLWDELOLW\ ZKLFK
PHDQVDGHJUHHWRZKLFKDSURGXFWRUV\VWHPSURYLGHVIXQFWLRQVWKDWPHHWVWDWHGDQGLPSOLHGQHHGVZKHQXVHGXQGHU
VSHFLILHG FRQGLWLRQV EXW LV RQO\ FRQFHUQHG ZLWK ZKHWKHU WKH IXQFWLRQV PHHW VWDWHG DQG LPSOLHG QHHGV QRW WKH
IXQFWLRQDO VSHFLILFDWLRQ7KHPHDVXUDEOH TXDOLW\UHODWHG SURSHUWLHV RI D V\VWHP DUH FDOOHG TXDOLW\ SURSHUWLHVZLWK
DVVRFLDWHG TXDOLW\ PHDVXUHV 7R DUULYH DW PHDVXUHV RI WKH TXDOLW\ FKDUDFWHULVWLF RU VXEFKDUDFWHULVWLF XQOHVV WKH
FKDUDFWHULVWLFRUVXEFKDUDFWHULVWLFFDQEHGLUHFWO\PHDVXUHGLWZLOOEHQHFHVVDU\WRLGHQWLI\DFROOHFWLRQRISURSHUWLHV
WKDW WRJHWKHU FRYHU WKH FKDUDFWHULVWLF RU VXEFKDUDFWHULVWLF REWDLQ TXDOLW\ PHDVXUHV IRU HDFK DQG FRPELQH WKHP
FRPSXWDWLRQDOO\ WR DUULYH DW D GHULYHG TXDOLW\ PHDVXUH FRUUHVSRQGLQJ WR WKH TXDOLW\ FKDUDFWHULVWLF RU VXE
FKDUDFWHULVWLF>@
7KLVFKDUDFWHULVWLF UHSUHVHQWV WKHGHJUHH WRZKLFKDSURGXFWRU V\VWHPSURYLGHV IXQFWLRQV WKDWPHHW VWDWHGDQG
LPSOLHG QHHGV ZKHQ XVHG XQGHU VSHFLILHG FRQGLWLRQV 7KLV FKDUDFWHULVWLF LV FRPSRVHG RI WKH IROORZLQJ VXE
FKDUDFWHULVWLFVIXQFWLRQDOFRPSOHWHQHVVDVWKHGHJUHHWRZKLFKWKHVHWRIIXQFWLRQVFRYHUVDOOWKHVSHFLILHGWDVNVDQG
XVHU REMHFWLYHV GHILQHG E\ WKUHH VXEFKDUDFWHULVWLFV WXWRULDO SURYLGHG UHTXLUHPHQWVPHDVXUDELOLW\ RI SDUDPHWHUV
TXDOLW\ GHJUHH RI GDWD YLVXDOL]DWLRQ IXQFWLRQDO FRUUHFWQHVV PHDQLQJ WKH GHJUHH WR ZKLFK D SURGXFW RU V\VWHP
SURYLGHVWKHFRUUHFWUHVXOWVZLWKWKHQHHGHGGHJUHHRISUHFLVLRQH[SUHVVHGE\WKUHHPHDVXUDEOHSDUDPHWHUVGHJUHH
RI PHDVXUHPHQW DFFXUDF\ PDWFKLQJ GHJUHH EHWZHHQ SURYLGHG DQG H[SHFWHG IXQFWLRQDOLWLHV SURYLGHG GDWD¶V
UHVROXWLRQ DQG IRUPDW DQG IXQFWLRQDO DSSURSULDWHQHVV WKH GHJUHH WR ZKLFK WKH IXQFWLRQV IDFLOLWDWH WKH
DFFRPSOLVKPHQW RI VSHFLILHG WDVNV DQGREMHFWLYHVPHDVXUHG WKURXJK IDFLOLW\ GHJUHH LQ XVH FRJQLWLYH HUJRQRPLFV
DXWRQRP\GHJUHHRIFRPSOLDQFHRIZLWKQHFHVVDU\VWHSVLQH[HFXWLRQ>@

)LJ)XQFWLRQDOVXLWDELOLW\DQGWKHLUFRPSRQHQWV
7KHPDLQJRDORIWKLVZRUNZDVWRILQGDQGTXDQWLI\PHDVXUDEOHFKDUDFWHULVWLFVDQGVXEFKDUDFWHULVWLFVLQRUGHUWR
SHUIRUPD WHFKQLFDOHYDOXDWLRQ(YHU\RIWKHVHSDUDPHWHUVZDVTXDQWLILHGWKURXJKDW OHDVW WKUHHVXEFKDUDFWHULVWLFV
H[SUHVVHG LQ SHUFHQWDJH >@ 7KH IXQFWLRQDO FRPSOHWHQHVV FDQ EH PHDVXUHG WKURXJK WKH IROORZLQJ VXE
FKDUDFWHULVWLFV WXWRULDO SURYLGHG UHTXLUHPHQWV YV UHPRWH ODE PHDQLQJ KRZ WKH UHPRWH ODEV VDWLVI\ WKH WXWRULDO
SURYLGHGUHTXLUHPHQWV0'7/WKHGHJUHHRIWKHPHDVXUDELOLW\RISDUDPHWHUV'03PHDQLQJKRZWKHSDUDPHWHUV
FDQEHPHDVXUHGRQXVHULQWHUIDFH8,DQGFRPSDUHGZLWKWKHGLJLWDOLQVWUXPHQWV¶YDOXHVDQGWKHTXDOLW\GHJUHHRI
GDWDYLVXDOL]DWLRQDQGDXGLRDQGYLGHRIHHGEDFN4'$9)ILJ

)LJ)XQFWLRQDOFRPSOHWHQHVVDQGLWVVXEFKDUDFWHULVWLFV
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7KHVHVXEFKDUDFWHULVWLFVFDQEHTXDQWLILHGDVIROORZV
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 
7KHIXQFWLRQDOFRUUHFWQHVVLVGHILQHGDVWKHGHJUHHWRZKLFKDSURGXFWRUV\VWHPSURYLGHVWKHFRUUHFWUHVXOWVZLWK
WKHQHHGHGGHJUHHRISUHFLVLRQDQGH[SUHVVHGE\WKUHHSDUDPHWHUVWKHGHJUHHRIPHDVXUHPHQWDFFXUDF\WKHTXDOLW\
DQGUHVROXWLRQRIJUDSKLFVWKHPDWFKLQJGHJUHHEHWZHHQSURYLGHGDQGH[SHFWHGIXQFWLRQDOLWLHV0'3()TXDQWLILHG
E\
  QRRIPLVVIXQFWLRQDOLWLHV QRRIWRWDO IXQFWLRQDOLWLHV >@ª º ¬ ¼  
DQG WKHSURYLGHGGDWD¶V UHVROXWLRQ DQG IRUPDW H[SUHVVHG LQSHUFHQWDJHRI SURYLGHGGDWD¶V UHVROXWLRQ DQG IRUPDW
7KHVHVXEFKDUDFWHULVWLFVDUHSUHVHQWHGRQILJXUH

)LJ)XQFWLRQDOFRUUHFWHQHVVDQGLWVVXEFKDUDFWHULVWLFVWV
7KH IXQFWLRQDO DSSURSULDWHQHVV LV WKH GHJUHH WRZKLFK WKH IXQFWLRQV IDFLOLWDWH WKH DFFRPSOLVKPHQW RI VSHFLILHG
WDVNVDQGREMHFWLYHVDQGLVFDUULHGWKURXJKE\IDFLOLW\GHJUHHLQXVHPHDQLQJXVDELOLW\XVHULQWHUDFWLRQH[SUHVVHG
E\ GHJUHH LQ SHUFHQWDJH RI PHVVDJH¶V FODULW\ RI SURYLGHG WXWRULDOV FRUUHVSRQGHQFH E\ FRJQLWLYH HUJRQRPLFV
DXWRQRP\ PHDQLQJ LI WKH WXWRULDO DQG XVHU LQWHUIDFH FDQ FRYHU WKH FUHDWHG WRSLFV TXDQWLILHG LQ SHUFHQWDJH RI
FRJQLWLYHHUJRQRPLFVDQGE\GHJUHHRIFRPSOLDQFHRIZLWKQHFHVVDU\VWHSVLQH[HFXWLRQPHDQLQJWKHSUDJPDWLVPRI
H[HFXWLRQDYRLGLQJXQQHFHVVDU\VWHSVH[SUHVVHGWKURXJK
>QRRIXQQHFHVVDU\VWHSVWRWDOQRRIVWHSV@ >@  

)LJ)XQFWLRQDOVXLWDELOLW\DQGWKHLUFRPSRQHQWV
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7KHHYDOXDWLRQVWUDWHJ\XVHG
7KH SHUIRUPHG WHFKQLFDO HYDOXDWLRQ IRFXVHV RQ IXQFWLRQDO VXLWDELOLW\ DQG GRHV QRW GHDO ZLWK SHGDJRJLFDO
RXWFRPHV WKHVH ZHUH HYDOXDWHG E\ DQRWKHU JURXS RI VSHFLDOLVWV 7KH HYDOXDWHG UHPRWH ODERUDWRULHV NHHSLQJ WKH
RULJLQDOWLWOHVDUHHQXPHUDWHGEHORZ7KHLQYROYHGXQLYHUVLWLHVDUH8QLYHUVLWp+$66$1,6HWWDW0RURFFR8+
8QLYHUVLWp )UqUHV 0HQWRXUL &RQVWDQWLQH $OJHULD 8& ,QVWLWXW 6XSpULHXU GHV 6\VWqPHV ,QGXVWULHOV GH *DEqV
7XQLVLD,66,*eFROHQDWLRQDOHG¶eOHFWURQLTXHHWGHV7HOHFRPPXQLFDWLRQVGH6ID[7XQLVLD(1(7¶&RP&HQWUH
8QLYHUVLWDLUH GH %RUGM %RX $UUHULGM $OJHULH 8%%$ $OO RI WKHVH ODERUDWRU\ H[SHULPHQWV VHUYH HQJLQHHULQJ
HGXFDWLRQDQGLQYROYHVSHFLILFNQRZOHGJHLQWKHPHQWLRQHGILHOG

7DEOH7KHUHPRWHODERUDWRULHV
8QLYHUVLW\ 5HPRWHODEH[SHULPHQW )LHOG
8+ (OHFWURQLTXHGHSXLVVDQFH 3RZHUHOHFWURQLFV&RQFHSWLRQGHVUpVHDX[G¶RSpUDWHXUVHWG¶HQWUHSULVHV 'LJLWDOHOHFWURQLFV
8&
$PSOLILFDWHXURSHUDWLRQHOOH (OHFWURQLFV
&DUDFWHULVWLTXHVHOHFWULTXHVGHV/(' (OHFWURQLFV
/¶RVFLOODWHXUiSRQWGH:LHQ (OHFWURQLFV
,66,* 0HFKDQLFDO9LEUDWLRQ 0HFKDQLFV7UDQVIHUWGHFKDOHXU([SHULPHQW 7KHUPDO(QJLQHHULQJ
(1(7¶&RP
QG2UGHU)LOWHU5DXFK6WUXFWXUH (OHFWURQLFV
&RPPRQ(PLWWHU$PSOLILHU (OHFWURQLFV
'LRGH/LPLWHU&LUFXLW (OHFWURQLFV
5HJXODWLRQGHQLYHDX $XWRPDWLRQ 
5HJXODWLRQGHGHELW $XWRPDWLRQ 
8%%$
6\VWqPHGHUHFRQQDLVVDQFHIDFLDOH 'LJLWDO,PDJH3URFHVVLQJ
6\VWqPHGHUHFRQQDLVVDQFHG¶HPSUHLQWHGLJLWDOH 'LJLWDO,PDJH3URFHVVLQJ
2XWLOVGHVLPXODWLRQ (OHFWURQLFV

7KHGLVWULEXWLRQRI UHPRWH ODERUDWRULHV LQGLIIHUHQW ILHOGVRI HQJLQHHULQJ LV SUHVHQWHGRQ ILJXUH$OO RI WKHVH
H[SHULPHQWVDUHVWURQJO\FRUUHODWHGWRWKHFRUUHVSRQGHQWFRXUVHDQGXVHVSHFLILFWRROVWREHDFFHVVHGDQGFDUULHGRXW
2QH FDQ VHH WKDW WKH\ FRYHU D YDVW ILHOG RI HQJLQHHULQJ HGXFDWLRQ IRFXVHG RQ WKH WRSLFV RI (OHFWURQLFV DQG
$XWRPDWLFVEXWWKH'LJLWDO6LJQDOSURFHVVLQJDQG0HFKDQLFVDUHDOVRUHSUHVHQWHG


)LJDILUVWSLFWXUHEVHFRQGSLFWXUH
,QRUGHU WRSHUIRUP IXQFWLRQDO VXLWDELOLW\DQDO\VLV WKH WDVNVSUHVHQWHG LQ WDEOHZHUHDFFRPSOLVKHGGXULQJ WKH
H[SHULPHQWV7KHVHODERUDWRU\H[SHULPHQWVZHUHWHVWHGPDQ\WLPHVDQGFRQGLWLRQVXVLQJWKHZKROHUDQJHRISRVVLEOH
PHDVXUHPHQWV>@


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7DEOH7DVNVWRSHUIRUPIXQFWLRQDOVXLWDELOLW\
 )ROORZHGREWDLQHGSDUDPHWHUVWDVNV 
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 $OO WKH SURYLGHG IDFLOLWLHV RI WKH UHPRWH ODERUDWRULHV DUH FRPSDUHG ZLWK WKH WXWRULDO 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 SURYLGHG
UHTXLUHPHQWVDQGDUHVXOWVLVFRPSXWHGDQGH[SUHVVHGLQSHUFHQWDJH 
7KHSDUDPHWHUVZKLFKFDQEHYLHZHGDQGPHDVXUHGRQXVHU LQWHUIDFH 8,DUHFRPSDUHGZLWK WKHDSSDUDWXVSURYLGHG
YDOXHVDOVRWKHXVHUIULHQGOLQHVVRIJUDSKLFDOLQWHUIDFHLVWHVWHGKRZFDQIDFLOLWDWHWKHXQGHUVWDQGLQJ 
7KHTXDOLW\RIYLVXDOL]DWLRQRISDUDPHWHUVDVPHDVXUHGGDWD WKHTXDOLW\RI IHHGEDFNDUHHYDOXDWHGDQGH[SUHVVHGE\
PDWKHPDWLFDOIRUPXODLQSHUFHQWDJH 
)X
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HVV
 7KHUHVROXWLRQRIGLVSOD\HGRQ8VHU,QWHUIDFHDQGPHDVXUHGPHDVXULQJLQVWUXPHQWVYDOXHVDUHYHULILHGDQGHYDOXDWHGLIWKH\DUHVXLWDEOHIRUWKLVNLQGRIH[SHULPHQW7KHUHVXOWVDUHH[SUHVVHGLQSHUFHQWDJH 
$OOH[SHFWHGIXQFWLRQDOLWLHVDUHSURYLGHGLQJRRGFRQGLWLRQV WKHXVHUFDQHDVLO\DFFHVVDOO IHDWXUHV LQRUGHU WRKDYHD
JRRGFRQWUROSURYLGHGIXQFWLRQDOLWLHVYVH[SHFWHGIXQFWLRQDOLWLHV 
7KHSURYLGHGGDWD¶VUHVROXWLRQDQGIRUPDWDUHFKHFNHGLIWKH\SURYLGHVXLWDEOHPHDVXUHGGDWDIRUDJRRGXQGHUVWDQGLQJ
DQGFRUUHFWLQWHUSUHWDWLRQRIWKHODERUDWRU\H[SHULPHQW 
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7HVWLQJ LI WKH XVHU LQWHUIDFH DQG WXWRULDO DVVXUHV D KLJK OHYHO RI IDFLOLW\ LV XVH WKH LQWHUIDFH LV UHVSRQGLQJ FOHDU DQG
TXLFNO\ WR DOO FRPPDQGV WKHPHVVDJHV DUH FOHDU DQG HDV\XQGHUVWDQGDEOH WKHXVHU KDV WKHZKROH FRQWURO GXULQJ WKH
H[SHULPHQW7KHUHVXOWVDUHH[SUHVVHGLQSHUFHQWDJH

7HVWLQJLIWKHWXWRULDODQGXVHULQWHUIDFHFRYHUHQWLUHO\WKHFUHDWHGWRSLFVLIWKHUHLVQRQHHGWRDFFHVVRWKHUUHIHUHQFHV
DQGERWKRIWKHRUHWLFDODQGSUDFWLFDOLVVXHVDUHZHOOVXLWHGWRWKHSURSRVHGWRSLF5HVXOWVH[SUHVVHGLQSHUFHQWDJH 
9HULI\LQJDQGWHVWLQJLIWKHUHPRWHODERUDWRULHVDUHEXLOGLQDSUDJPDWLFPDQQHUHYHU\VWHSLQH[HFXWLRQLVZHOOWKRXJKW
DQGWKHUHDUHQRXQQHFHVVDU\VWHSVLQH[HFXWLRQ$OOWKHVHH[SHULPHQWVDUHUHSHDWDEOHZLWKDFRQYHQLHQWVFKHGXOLQJ 
 7RWDOIXQFWLRQDOVXLWDELOLW\ 
&RQFOXVLRQV
,QRUGHUWRHQVXUHWKDWDQHGXFDWLRQDOWRRODFFRPSOLVKHVLWVPDLQHGXFDWLRQDOREMHFWLYHVDVHWRILQGLFDWRUVVKRXOG
EH IXOILOOHG ,Q WKLV SDSHU ZDV FRYHUHG WKH SUREOHP RI GHVFULELQJ WKH LQGLFDWRUV VXLWDEOH IRU D UHPRWH ODERUDWRU\
H[SHULPHQWV WHFKQLFDO HYDOXDWLRQ 7KH SURSRVHG HYDOXDWLRQ PHWKRGRORJ\ ZDV DSSOLHG LQ WKH FDVH RI WKH UHPRWH
ODERUDWRU\H[SHULPHQWV WKDWDUHVHW LQ WKH0DJKUHELDQFRXQWULHV LQ WKHIUDPHZRUNRIH6LHQFH3URMHFW7KHGHILQHG
FKDUDFWHULVWLFVDUHDEOHWRPHDVXUHDQGTXDQWLI\LQJRRGWKHIXQFWLRQDOVXLWDELOLW\RIWKHUHDOL]HGUHPRWHODERUDWRULHV
$OOHYDOXDWHGODERUDWRU\H[SHULPHQWVDUHIXQFWLRQDOO\DQGLQXVHDQGVDWLVI\DOOIXQFWLRQDOVXLWDELOLW\SDUDPHWHUV
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